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Abstract 
The objective of this study is to improve the quality of surficial sediment grains-size distribution 
mapping over complex seabed morphology of the nearshore sandy shelf of the North Sea using Co-
Kriging method. We analyse the correlation between median sediment grain-size and seabed forms, and 
finally to demonstrate if the correlation between the two can be used to enhance the seabed habitat 
mapping. The results of this study show that median grain-size distribution is moderately correlated with 
the seabed form. The finest sediment occurs on the crests and seaward flanks while the coarsest sediment 
occurs on the troughs and landward flanks.  
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1. Introduction 
Seabed habitat defines the environmental conditions at particular points at the bottom of the sea. The 
International Council for the Exploration of the Sea [3] defined a habitat as a recognizable space which 
can be distinguished by its abiotic characteristics and associated biological assemblage, operating at 
particular spatial and temporal scales. In the marine environment, the seabed habitat is diversely 
distributed from the coast, continental shelf, continental slope, continental rise, to the abyssal plain. 
Particularly over the shallow continental shelf which consists of complex seabed form such as the North 
Sea, the relationship between biotic (e.g. macro-benthos and demersal fish) and abiotic habitat (sandy, 
silty or clayey sediments) can be strong under the influence of waves, tides, salinity and temperature.  
Such relationship is important in monitoring the habitat changes in time.  
For instance, biotic assemblage is important indicator of the effects of climate change in semi-enclosed 
seas such as the North Sea [2]. Distributional response of North Sea bottom-dwelling (demersal) fishes to 
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temperature have changed within 25 years of annual monitoring from 1980 to 2004. During this period 
demersal fish assemblage deepened by -3.6 m per decade as the North Sea bottom temperature has 
increased by 1.6°C. Apart from the influence of temperature-related shift, sediment sorting in this region 
may describe the dynamic nature of the seabed environment, which link closely with measures such as 
tidal stress, an influential variable in the structuring of demersal fish [4].  
A more specific relationship between the abiotic (e.g. sediment characteristics) and the biotic (e.g. 
demersal fish or macrobenthos) described by [6] that spatial patterns of the sediment distribution and size 
composition are related to antecedent seabed topography and hydrodynamic conditions. This supports the 
earlier hypothesis by [5] who stated that grain size characteristics of the ridge surficial sediments must be 
intrinsically related to the genesis of the morphology. 
 
1.1. Research rationale and objective 
In the aim of monitoring the changes of habitat distribution over the seabed, an effective and efficient 
monitoring campaign is required. To achieve this, one should consider the relative scales of sensor from 
the sampling equipment to the expected scale of habitat. One example of successful campaign was 
conducted by [4] who have recently published their large-scale mapping for distribution of infauna, 
epifauna and fish assemblages in the North Sea according to cluster analyses.  [6] produced the relatively 
high resolution sediment distribution map as the important variable of habitat distribution over the large 
scale Belgium continental shelf using the multivariate geostatistics. Yet, habitat scale may closely related 
to the geographic extent of a distinct biological community (e.g. seagrass bed) or geological feature (e.g. 
sand ridges at the nearshore area). In this case, sedimentology (mainly median grain size and the siltclay 
percentage) is an important parameter to explain and predict the occurrence of (macro)benthos. Therefore, 
the objective of this study is to improve the quality of surficial sediment grains-size distribution mapping 
over a complex seabed morphology at the nearshore sandy shelf. To achieve this objective, we analyse the 
correlation between important parameters in the abiotic habitat, i.e. sediment and seabed form, and finally 
to demonstrate if the correlation between the two can be used to enhance the seabed habitat mapping. 
 
1.2. Study location 
We selected the nearshore area in front of the Spiekeroog Barrier Island at the southern North Sea of 
Germany for our study (Fig. 1). The area consists of prominent complex seabed features. The most 
important features are the two shore-connected ridges which are parallel to one another and orientated 
WNW-SSE direction. The ridges heights are between 3 to 5 m with the slope angle from 0.5° to 1.0°. The 
distance between the ridge crests is between 1 to 2 km away and located at the water depth of -10 to -18 
m.  
The area had been sampled for its surficial grain-size distribution with the associated water depth. [1] 
revealed the analysis of surficial grain-size statistical parameters of each individual sample points 
associated with the shoreface-connected ridge. The size of the sampled area is ca. 113 square-km with 
sample grids of 250 m close to the coastline and 500 m at the nearshore (Fig. 2). The samples were taken 
during the year of 1989 and remain to be the largest and most detailed sampling campaign ever conducted 
in this nearshore area. In this study, we extracted the median grain sizes (D50) to represent each sampling 
point together with the associated depth. The median grain size is considered an important parameter in 
sediment transport analysis, thus, in seabed habitat distribution. 
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Fig.1. Spiekeroog barrier island at the southern North Sea of Germany (courtesy: worldatlas.com)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Data sampling points (median grain size distribution) in front of the Spiekeroog by [1] 
 
2. Methodology 
Multivariate geostatistics have been used to obtain a detailed and high-quality map of the median 
grain-size distribution of the sand fraction, for instance, at the Belgian Continental Shelf (e.g. Verfaillie, 
et al. 2005). In the multivariate geostatistics analysis, interpolation procedures are commonly used in the 
expense of increasing the quality of mapping. In this study we focus on the interpolation procedures using 
two variables in the statistic analysis based on the theory of regionalized variables, which is called Co-
Kriging.  
Before going through the operation of geostatistical analysis in the GIS system, variogram model 
should be made for each data set to obtain some parameters such as sill, range and nuggets to be used in 
the interpolation of data points to produce a final realistic and high-resolution sand fraction distribution 
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map. Furthermore, a cross-variogram model should also be made from the two variables (bathymetry and 
sand fraction distribution). Fig. 3 shows the schematization of the Co-Kriging process. 
We made comparison with Ordinary Kriging, which is a uni-variate geostatistics. In this case, the 
interpolation solely makes use the auto-spatial correlation among the data points of the median grain-size. 
The most important step of this method is to check whether the data distribution shows anisotropy to a 
certain direction. For the median grain size data in this study, we found the distribution of the data to be 
anisotrophic which actually following the orientation of the parallel shore-connected ridges.  
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Fig. 3. Schematization of Co-Kriging process 
 
Particularly in this study, using the multivariate geostatistic analysis, we calculate estimates for a 
variable that exhibits low spatial correlation (predictand; grain-size samples), that correlates highly with 
the one that shows relatively high continuity (covariable; bathymetry). The observed values of the 
covariable may help to improve estimates (predictions) of the predictand variable during the interpolation 
process. In Co-Kriging, we make use the spatial correlation between the median grain-size and the water 
depth. From our cross-variogram modelling, we found that the correlation coefficient r between both 
variables is 0.44, indicating a moderately strong correlation between the two variables. 
 
3. Discussions 
 
The Co-Kriging method has never been tested before in a relatively small region in a shallow water 
coastal area with a complex seabed topography. In this study, we attempt to produce a high-quality map 
of the median grain-size of the Germany North Sea. We use the multivariate geostatistical analysis which 
is an existing modul in ILWIS™. The demanding part of this method in which the individual and cross 
variogram models are required, have been incorporated in this GIS software.  
To enable a thorough quality control of the geostatistical analysis, each data sets (i.e. median grain-
size and water depth) was divided into two subsets which proportion is respectively, 70% and 30% of the 
whole dataset. The ‘validation’ dataset (30%) was selected randomly. Table 1 shows the validation results 
in the form of error estimate using two methods based on this proportion. 
Ella Meilianda et al. / Procedia Environmental Sciences 7 (2011) 317–322 321
The Pearson correlation coefficient indicates the degree of linear correlation between observed (raw 
sampling data) and estimated values (interpolation using Ordinary Kriging and Co-Kriging). Table 1 
shows a higher value for this parameter using Co-Kriging method, which indicates a better interpolation 
results compared to using a single variable interpolation such as Ordinary Kriging. In addition, even 
though the data anisotrophy in Ordinary Kriging shows directional tendency associated with the two 
parallel shore-connected ridges could mean a strong correlation between the grain size distribution and 
the seabed form, nevertheless, the interpolation results remains independent from the actual seabed form 
and water depth. This results in a rather smooth interpolation results which we believe to be unrealistic 
(Fig. 4a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Interpolation results. (a) using Ordinary Kriging (univariate geostatistics); (b) using Co-Kriging (multivariate 
geostatistics) 
 
 
Table 1. Error estimate and correlation parameter from the interpolation using Ordinary Kriging and Co-Kriging  
  Ordinary Kriging Co-Kriging 
Mean estimation error (MEE) -0.01 -0.0057 
Mean square estimation error (MSEE) 0.016 0.0053 
Root mean square estimation (RMSEE) 0.127 0.073 
Mean Absolute Estimation error (MAEE) 0.045 0.032 
Pearson correlation coefficient  r 0.939 0.967 
 
 
The Co-Kriging method, on the other hand, makes use of secondary information (two variables) to 
assist in the interpolation of the sand fraction distribution over the complex seabed form of the continental 
shelf has been demonstrated to be the better technique compared to the single variable method such as 
Ordinary Kriging. It gives a better idea that grain size distribution (median grain-size, in this case) has a 
high correlation to the waterdepth associated with the seabed features. Fig. 4b shows the more realistic 
pattern and patchiness of the grain-size distribution over the seabed form as the result of interpolation 
using the help of the secondary variable (water depth) which shows an intrinsic correlation with the grain-
size distribution. The general impression of sediment distribution described in [1] is in agreement with 
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our interpolation results using the Co-Kriging method. The finest sediment occurs on the ridge’s crest and 
seaward flanks while the coarsest sediment occurs on the ridge’s trough and landward flanks. 
 
 
Conclusion 
This study shows that the median grainͲsize (D50) distribution is moderately correlated with the water 
depth over the nearshore zone. This correlation was used in the CoͲKriging interpolation to produce a 
high quality and high resolution map of surficial median grainͲsize at the shallow sandy shelf of the 
Spiekeroog barrier island of the southern North Sea of Germany.  
The finest sediment occurs on the seaward flanks while the coarsest sediment occurs on the trough and 
landward flanks. In comparison, the univariate geostatistics (Ordinary Kriging) shows the grainͲsize 
distribution anisotropy which direction associated with shoreͲconnected ridges, nevertheless, the 
interpolation remains independent with the associated water depth.  
In this study the multivariate geostatistics (CoKriging) method demonstrate better mapping 
interpolation which produced a high quality and high resolution seabed habitat mapping in a smaller 
region and in a shallow water coastal area. 
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